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The implications of the family non-universal Z' model in the B ^ K\ (1270, 1400)£+£^ (£ = e ,fx,'c) decays 
are explored, where the mass eigenstates A"; (1270, 1400) are the mixtures of 'Pi and ^Pi states with the mixing 
t"*^ ' angle 6. In this work, considering the Z' boson and setting the mixing angle = (— 34± 13)°, we analyze the 

^ ^ ' branching ratio, the dilepton invariant mass spectrum, the normalized forward-backward asymmetry and lepton 

JJL ' polarization asymmetries of each decay mode. We find that all observables of B -^ A"] (1270)/X+/i^ are sensitive 

^^ ' to the Z' contribution. Moreover, the observables of B ^ A'i(1400)/i+/i^ are relatively strong 0-dependence; 

vQ ' thus, the Z' contribution will be buried by the uncertainty of the mixing angle 6. Furthermore, the zero crossing 

position in the FBA spectrum of S ^^ A'i(1270)/i+/i^ at low dilepton mass will move to the positive direction 
rG ' with Z' contribution. For the tau modes, the effects of Z' are not remarkable due to the small phase space. These 

I ' results could be tested in the running LHC-b experiment and Super-B factory. 
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I. INTRODUCTION 



The flavor changing neutral currents (FCNC) b —>■ s£^i {£ = e,/x, t), forbidden in the standard model (SM) at the tree level, 



CO . are very sensitive to the flavor structure of the SM and to the new physics (NP) beyond the SM. The rare decays B -^ Kii'^'i 
(^ • involving axial-vector strange mesons, also induced by /? — > s£^£ , have been the subjects of many theoretical studies in the 
t^^ ' frame work of the SM [1-^] and some NP models, such as universal extra dimension [5], models involving supersymmetry [6] 

o 

^—1 \ and the fourth-generation fermions [7]. Generally, these semileptonic decays provide us with a wealth of information with a 
. . ' number of physical observables, such as branching ratio, dilepton invariant mass spectrum, the forward backward asymmetry, 
lepton polarization asymmetry and other distributions of interest, which play important roles in testing SM and are regarded as 
probes of possible NP models. 

In the quark model, two lowest nonets of 7^ = 1+ axial-vector mesons are usually expected to be the orbitally excited qq/ 
states. In the context of the spectroscopic notation n^^^^Lj , where the radial excitation is denoted by the principal number n, 
there are two types of lowest p-wave meson, namely, 1 ^Pi and 1 'Pi . The two nonets have distinctive C quantum numbers, C = + 
oiC — ~, respectively. Experimentally, the y^*- ~ 1++ nonet consists of oi (1260), /i (1285), /i (1420), and Kia, while the 1+^ 
nonet contains bi (1235), /ii (1 170), hi (1380) and Kig. The physical mass eigenstates /Ti (1270) and Ki (1400) are mixtures of 
KiA and Kib states owing to the mass difference of the strange and non-strange light quarks, and the relation could be written as: 

/ 1^1(1270)) \ , /|^ia)\ .^ ,^ /sine cos0\ 

_ = M _ , with M = . (1) 

\\Ki{UOO))J \\Kib)J V'^ose -sine; 
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In the past few years, many attempts have been made to constrain the mixing angle [8-11]. In this study, we will use 
9 = — (34± 13)°for numerical calculations, which has been extracted fromB -^ /Ti (1270)7 and '^ ^ /ri(1270)VT by one of us 
in [11] , and the minus sign is related to the chosen phase of \Kia) and \Kib)- 

To make predictions of these exclusive decays, one requires the additional knowledge about form factors, i.e., the matrix 
elements of the effective Hamiltonian between initial and final states. This problem, being a part of the nonperturbative sector 
of QCD, lacks a precise solution. To the best of our knowledge, a number of different approaches had been used to calculate 
the decay form factors of B -^ Ki decays, such as QCD sum rules [12], light cone sum rules (LCSRs) [13], perturbative QCD 
approach [14] and light front quark model [15]. Among them, the results obtained by LCSRs which deal with form factors at 
small momentum region, are complementary to the lattice approach and have consistence with perturbative QCD and the heavy 
quark limit. On this point, we will use the results of LCSRs [13] in this work. 

In some new physics models, Z' gauge boson could be naturally derived in certain string constructions [16] and Es models 
[17] by adding additional U(l)' gauge symmetry [18]. Among many Z' models, the simplest one is the family non-universal 
Z' model. It is of interest to note that in such a model the non-universal Z' couplings could lead to FCNCs at tree level as well 
as introduce new weak phases, which could explain the CP asymmetries in the current high energy experiments. The effects 
of Z' in the B sector have been investigated in the literature, for example see Ref. [19-21]. The recent detailed review is Ref. 
[22]. In Ref. [21], Chang et.al obtained the explicit picture of Z' couplings with the data of B^ — Bs mixing, B -^ K^ H'^i^ , 
B -^ ji'^jj.^, B -^ Kk and inclusive decays B -^ XJ.^1^ . So, it should be interesting to explore the discrepancy of observables 
between predictions of SM and those of the family non-universal Z' model. Motivated by this, we shall address the effects of the 
Z' boson in the rare decays B -^ Kit^t^ . 

In experiments, B -^ Kyt^i'^ have not yet been measured, but are expected to be observed at LHC-b [23] and Super-B factory 
[24]. In particular, it is estimated that there will be almost 8000 B -^ K*pL^pL^ events with an integrated luminosity of 2fb^^ in 
theLHC-bexperiment [23, 25]. Although the branchingratio of B^/ri(1270)jU+/i^ calculated in [1] is one order of magnitude 
smaller than the experimentally measured value of B ^ K*pL^pL^ [26], we still expect the significant number of events for this 
decay. 

The remainder of this paper is organized as follows: in section 2, we introduce the effective Hamiltonian responsible for 
the b — > st^l'^ transition in both SM and Z' model. Using the effective Hamiltonian and B -^ Ki form factors, we obtain the 
branching ratios as well as various related physical observables. In section 3, we numerically analyze the considered observables 
of B -^ Kit'^l^ . This section also includes a comparison of the results obtained in Z' model with those predicted by the SM. We 
will summarize this work in the last section. 

II. ANALYTIC FORMULAS 

A. The Effective Hamiltonian for b ^ s transition in SM 

By integrating out the heavy degrees of freedom including top quark, W* and Z bosons above scale jU = (9(m^), the effective 
Hamiltonian responsible for the b -^ s£^£^ transitions is given as [27, 28]: 

G ^^ 

H,ff{b^stn = --^V,bV;XC.{p)0.{^), (2) 

2V2 ,=1 



where we have neglected the terms proportional to Vi,bVi% on account of ^uiNusl'^tiNts I < 0.02. The local operators can be found 
in [27]. Specifically, the operators Og and (9io are given as 

2 2 

In SM, the Wilson coefficients C, at scale /i = rrif, calculated in the naive dimensional regularization (NDR) scheme [27] are 
collected in Table I. It should be stressed that for h -^ st^t' processes, the quark decay amplitude can also receive additional 

TABLE I: The SM Wilson coefficients at the scale [l = m/,. 



Ciinih) 


Climb) 


Ciimt) 


C4{mb) 


C5K) 


QK) 


q«{mi,) 


CfK)-K(^2) 


Cio(mfc) 


-0.274 


1.007 


-0.004 


0.076 


0.000 


0.001 


-0.302 


4.094 


-4.193 
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contributions from the matrix element of four-quark operators, Y, i^^f-^^lOilb), which are usually absorbed into the effective 
Wilson coefficients. The effective coefficients C^*^ in Table I are defined respectively as [29] 

^eff 4;r^ 1 4^ 20^ 80^ 

^ Ayr 

Cf = — C9 + Ysd{z, S) + Ywiz, s) , (4) 

with definitions z = mc/mb, S = q^/m^. YsDiz,s) represents the short-distance contributions from four-quark operators far away 
from the cc resonances regions, which can be calculated reliably in the perturbative theory. On the contrary, the long-distance 
contributions Yi[){z,S) from four-quark operators near the cc resonances cannot be calculated and are usually parameterized 
in the form of a phenomenological Breit-Wigner formula. Currently, the light-cone distribution amplitudes of the axial-vector 
mesons actually have not yet been well studied, since contributions of two axial-vector mesons in the hadronic dispersion relation 
cannot be separated in all cases. Moreover, the width effect of axial-vector meson is so large that the traditional approach like 
the sum rules cannot deal with it effectively. The manifest expressions and discussions for Ysd{z,s) and Yio{z,S), are refereed 
to Ref. [30]. Since the contribution of long distance can be vetoed effectively in the experimental side, we will not discuss it in 
the current work. Furthermore, for the C^^, we here also ignore the long-distance contribution of the charm quark loop, which 
is suppressed heavily by the Breit-Wigner factor. 



B. Family Non-universal Z' Model and Parameter Constraint 

As stated before, in the family non-universal Z' model, there exists the flavor changing neutral current even at the tree level 
due to the non-diagonal chiral coupling matrix. Assuming that the couplings of right-handed quark flavors with Z' boson are 
diagonal and ignoring Z — Z' mixing, theZ' part of the effective Hamiltonian for fe -^ sl^l^ can be written as [19-21] 



2Gf, 



V2 






HffAb ^ stn - -^V,bV;, - -fl-f^{sb)v-A{mv-A - -f-^{sb)v-A{U)v+A 



VtbV,l ' " "' " " VtbV*, 



-h.c. (5) 



To match the effective Hamiltonian in SM, as shown in Eq.(2), the above equation is reformulated as 



, 4Gf 

H^ff{b ^ str ) = - -^^tby^s [AC^Og + AC'ioOio] + h.c. , (6) 



with 



^ 'tb'ts ^ 'th'ts 



(7) 



where B^^ and B^^' denote the effective chiral Z' couplings to quarks and leptons. Therefore, the Z' contributions can 
be represented as modifications of the Wilson coefficients of the corresponding semileptonic operators, i.e., Cg ^^{mw) ~ 
C^^(^{mw) + ACg [()(miv). The running from niw scale down to nij, is the same as that of SM [31, 32], and we had ignored 
the evolution effect from niz' to mw here. Numerically, with the central values of the inputs, we get 



C^K) =0.0682-28.82-^%, C'loK) = -0.0695 + 28. 82-^£)«, 

VthVts VtbVts 



where Su = (B« + B«) and D« = (B^^ - Bf^). 



C. Form Factor 



Following the definitions in Ref. [13], the B{pb) -^ Ki{pKi,^) form factors could be parameterized as 



niB + raif, 



,(A)*,,^, . ,2^ 






„2 



-{PKi+Pb)ii 



iT^^'{q^)[i 






(8) 



(9) 



(10) 



with q = pb — PKi , Ys — 'V 7^ 7^7^, and g^^i^s — _ ]^ j^ t^e context of equation of motion, the form factors satisfy the following 
relations. 



y3^'(o) - <'(o), rf'(o) = 7f' (0), 



(11) 



2mKi 2m/fj 

Because the Ki (1270) and /Ti (1400) are the mixing states of the Kia and Kib, the B ^^ K\ form factors can be parameterized 



/(ri(1270)|.-7M(l-75)^|B) 

1^(^1(1400)1.-7^(1 -75)^|B> 
/(Zi(1270)|.-a^v<7'(l+75)/7|B) 

V(ri(1400)|sc7^v<7^(l+75)fe|B) 



= M\ 



M\ 



{K,A\sU\^y5)b\B)\ 
{K,B\s7^^{l-y5)b\B))' 
{K,A\sai,vq''{l + ys)b\B) 
{K,B\sai,vq''{l + y5)b\B) 



with the mixing matrix M being given in Eq. (1). Thus the form factors A^' , Vq J 2 ^^'^ ^123 satisfy following relations: 



^A^'(l2™)/(m« + m^,(l2™))\ ../^""'VC 



^A'^dum/{mB + m„^(um^)^ 



l(1270))''l 



)y^ 



(ms + m/f (1400)) Vj 



/fl(1270)^ 



/fl(1400) 



= M 



M 



MB + niK,, 



'{mB + niKjV^'''^ 
(mB + mKjV^'\ 



(12) 
(13) 



(14) 
(15) 



TABLE II: Form factors for B -^ Kia,Kib transitions obtained in tlie LCSRs calculation [13] are fitted to the 3-parameter form in Eq. (21). 



F 


F(0) 


a b 


F 


F(0) 


a 


b 


yBKi/i 


0.34 


0.64 0.21 


T/5^1B 


-0.29 


0.73 


0.07 


yBKlA 


0.41 


1.51 1.18 


yBK\B 


-0.17 


0.92 


0.86 


\/BKiA 
*^0 


0.22 


2.40 1.78 


^0 


-0.45 


1.34 


0.69 


ABK^a 


0.45 


1.60 0.97 


fiBKiB 


-0.37 


1.72 


0.91 


rpBKl/, 


0.31 


2.01 1.50 


j^BKiB 


-0.25 


1.59 


0.79 


rpBKlA 


0.31 


0.63 0.39 


-rBKiB 


-0.25 


0.38 


-0.76 


jiBKiA 


0.28 


1.36 0.72 


rpBKlB 

^3 


-0.11 


-1.61 


10.2 



, Vl' ' ^'*'"'' / ("^B + niK^ ( 1400) ) , 



WJATK 1270)^0 



V, 



Ki(mo)- 



^niKiiiAmyo 



Ki(um)) 



'{ml 
(ml 



''"/fl(1270))^2 



„/fl(1400) 
/fl(1270)^ 



''"/fl(1400))^2 



Ki{UQO) 



= M 



M 



^ M\ 



M\ 









KlA " 



ib'^0 









p/fl(1400) 



= M\ 






\ml~ 



rKlB 




(16) 



(17) 



(18) 



(19) 



(20) 



where we have assumed p't j.^-jn) ir (14001 — P^ — Pk ^'^^ simplicity. For the form factors, we will use results calculated with 
LCSRs [13], which are exhibited in Table II. In the whole kinematical region, the dependence of each form factor on momentum 
transfer q^ is parameterized in the double-pole form: 

F{0) 



'-) = 



l-a{q^lml)+b{qymlY- 



(21) 



And the nonperturbative parameters a; and bi can be fitted by the magnitudes of form factors corresponding to the small momen- 
tum transfer calculated in the LCSRs approach. 

D. Formulas of Observables 



With the same convention and notation as [1], the dilepton invariant mass spectrum of the lepton pair for the B -^ Kil'^l 
decay is given as 



and 



1 



4mi 



dT{B ^ Kil+l-) Glal^ml ,^, ^,,,2 



ds 



2i07r5 



\v,hv:xa{s)^ 



(22) 



,A(l+2^Ul^^'|lv-'^') 
3 V i 



?^'ru 



u(sf 



+ 8thi{s + 2mj) +p 



^^1 



i2{s)^ 



+ 8m|j(.f-4m^) 



4m|^ 



2m\ 



l^^'l 



u{sf 



Re(^'^"r'^i*) (A 



«(,f)2 



'2/^_^+4^2(2 + 2m 



(l-m|j-.f)+Re(,^'^'^^i*) 



u{sf 



(i-'^l 



S)+4mjX 



2^X [Re (^^i^^i*) - Re (^^i JT^'*) (1 -m^, )1 + ^sX 1^^' I 



(23) 



with p — p/niB, pB = PB/niB, q = q/niB, niKi — rriKi /mB, and ;? = Pb+ PKi, q — Pb — PKi — P++ P-- The auxiliary functions 
^^1 (s) , • • • , Jf^^ (S) are defined in Ref . [11], and we list them in the Appendix for convenience. Here, we also choose S ~ q^ 
and M = {pb — P-)^ — (pb ^ P+f' as the two independent parameters, which are bounded as 4m^ <s<{\ —niKif' and —u{s) < 



a < u{s), with u{s) = JX{\- 4m]- /s) ,X = l+ m\^ + f - 2s- 2m\^ (1 + s). 

The differential forward-backward asymmetry of the B -^ Ki£^£^ decay is defined as 



dA 



FB 



ds 



di2 
duds 



du . 

-u(s) duds 



(24) 



Furthermore, the normalized forward-backward asymmetry, which is more useful in the experimental side, can be written in 
terms of quantities as 



dA 



FB 



dA 



FB 



dT 



ds 



= u (sy Re (^^1 ff'^i * ) + Re (s/^^ jT^i * ) 
ds / ds I 



(25) 



Here, we do not consider the hard spectator corrections since the light-cone distribution amplitudes of Ki are not precise enough. 
At the end of this section , we pay our attentions on obtaining the lepton polarization asymmetries. In the center mass frame 
of dilepton, the three orthogonal unit vectors could be defined as 



ei 



cn = 



PK-XP^ 



er = 6^X61, 



(26) 



\PK X p^ 

which are related to the spins of leptons by a Lorentz boost. So, the decay width of the B -^ Kil'^l^ decay for any spin direction 
« of the lepton, where n is a unit vector in the dilepton center mass frame, can be written as: 



dT(n) I ,dr^ , , , , 



(27) 



ds 2 ds 

In the above equation, the subscript "0" denotes the unpolarized decay width, and Pl and Pj are the longitudinal and transverse 
polarization asymmetries in the decay plane, respectively. P^ is the normal polarization asymmetry in the direction perpendicular 
to the decay plane. Correspondingly, the lepton polarization asymmetry P, (/ — L,N,T) can be obtained by calculating 

dT{n — ei)/ ds — dT{h ~ —ei)/ds 



m) = 



dT{h — ei)/ds + dT(n — —ei)/ds 



(28) 



After a straightforward calculation, we obtain: 

-Re(i/f?'^i*) 



PjA 




m-, I 2sX„ , _r,.^ . (A + 12m|^^0 



^^\*\ 



3m|j 



Re(.:^^^i*+<^^^'*)- 



3mA:, 



Re(i^^ 



■ReC^^^^i*) 



(29) 



Pa/A 



-n\rsu{s) 
4mK, 



""' rim(jr^^'*)(l+3m2 



niK, 



Ki 



TABLE III: Input parameters 



niB = 5.279GeY, %- = 1.638 x 10" '^ sec, T^o = 1.530 x IQ-'^ sec, 
'«/f,{l270) = 1.272GeV , m^,(i4oo) = 1.403GeV, niK,, = 1.31GeV , m^,, = 1.34GeV 
'ni,,poie=4.8±0.2GeV, «,;„ = 1/129, a,(/x,,) = 0.3, 



\V,,V*\ = 0.0407 . 



TABLE IV: Predictions for the non-resonant branching fractions Br(5 -^ K\(.'^l )(10 ) in the SM and the non-universal Z' model. The first 
errors come from the uncertainty of the 6 — (—34 ±13)° and the second errors are combination of all uncertainties in the Z' model. 



Mode 


SM 


SI 


S2 


Extreme Limit 


B-^A:f(1270)e+e- 


24.ll?i 


33.7+§;^±7.4 


28.8+5;^ ±3.9 


49.610+ 


B-^A:f (1270)m+M" 


19.7l?:i 


29.1+!^-^ ±7.4 


24.3+5:^ ±3.9 


44.910:2 


B- ^K- {1210)1:+'!:- 


o.8+«:« 


0.7+[;:[±0.3 


0.8+J]:^±0.2 


, 9+0.0 
^•^-0.2 


B- ^K^;{i400)e+e- 


0.9;^:^ 


1.2;«:4±0.3 


1.0;2;7±0.2 


1-0+4.3 


B- -^K-(l400)^l+^l- 


5"°° 


o.8;°:i;±o.2 


0.7;°;^ ±0.2 


1 3-01 


S-^A:f(1400)T+-r- 


Of), -0.00 


o.oi;«:Oi±o.oi 


o.oi;j;:«i±o.oi 


0-02-Zl 


W^K^l{mO)e+e- 


22.5+«:2 


31.5+'^-^ ±7.2 


26.9+^-^ ±3.8 


46.310.1 


B^^K^^{l2^o)n+^l- 


i8.4+«:i 


27.2+^;^ ±7.2 


22.8+2:2 ±3.8 


41.915:2 


5°->Z?(1270)T+-r- 


o.7i«:« 


0.7lJ];'^±0.3 


0.710;'/ ±0.2 


1 1+0.0 

1-1-0.1 


B°^rf'(1400)e+e- 


o-Kil 


i.i;«:4±o.2 


i.o;0:4±o.2 


1 5-0.3 

1-5+3.9 


B"^Z0(1400)/i+M" 


5"°° 
'^■-'+1.5 


0.8;^:! ±0.2 


0.6;?:«±0.2 


1 2-0.1 
1-^+3.3 


B'^^Z?(1400)T+-r- 


f)Q,-0.01 
"•"^+0.04 


o.oi;«:Oi±o.oi 


o.oi;J]:Oi±o.oi 


02-0.02 



PtA = 



+Im(jr^^i*)(l-m|j-.f)-Im(^^^i*)A]+2m;f,m,[Im(^^^i*)+Im(^jr'^i*)] 









(30) 



[-Re(^^^i*) + (l-m|j)Re(^^^'*)+iRe(^^^i*)] 



m 



Ki 



[ReC^^^'*) - (1 -mljReC^^^i*) -.fReC^^^^^'*)] 



(31) 



III. NUMERICAL RESULTS AND DISCUSSION 



In this section, we shall calculate aforementioned observables like the branching ratios (BR), the normalized forward- 
backward asymmetries (FBA) and lepton polarization asymmetries, as well as their sensitivities to the new physics due to Z' 
boson. The input parameters used in the numerical calculations are listed in Table.III. In discussing the /Ti (1270) and /Ti (1400), 
we have to draw much attention on the mixing angle 9 defined in Eq.(l), although many attempts have been done to constrain it. 
The magnitude of 9 was estimated to be |0| w 34° V57° in Ref. [8], 35° < |0| < 55° in Ref. [9], and |0| = 37° V58° in Ref. [10]. 
Nevertheless, the sign of the 9 was yet unknown in above studies. From the studies of B ^ TTi (1270)7 ^nd T -^ TTi (1270) Vt, 
one of us recently obtained [11] 



= -(34±13)° 



(32) 
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FIG. 1 : Normalized differential forward-backward asymmetries (left panel) and longitudinal lepton polarization asymmetry(right panel) of 
B -^ Ki{l400)fl^ ^^, as a function of 6(in units of degree). The solid, dotted and dashed curves correspond to s = 5GeV , 7GeV and 
12GeV , respectively. 
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FIG. 2: The differential decay rates dBr(B^ -^ K'^£'^£^)/dq as functions of q (in units of GeV ). The central values of inputs are used. 
The solid (green), and dotted (blue), dashed (red) and dot-dashed (orange) lines represent results from the standard model, SI, S2 and ELV 
parameters, respectively. 



TABLE V: The inputs parameters for the Z' coupUngs [21]. 
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B' 



xlO 



-2\ 



51 1.09 ±0.22 -72 ±7 -4.75 ±2.44 1.97 ±2.24 

52 2.20±0.15 -82±4 -1.83±0.82 0.68±0.85 
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FIG. 3: The normalized differential forward-backward asymmetries for the 6+ — !■ K^t^i decays as functions of g (in units of GeV ). 



where the minus sign of is related to the chosen phase of \}^\a) and \K\b)-: and we will use this range in the following 
discussion. 

In Ref. [1], the authors found that in the low s region, where s ~ 2GeV , the differential decay rate for B — )• /iTi (1400)/i+/Z^ 
with = -57° is enhanced by about 80% compared with that with = -34°, whereas the rate for B -> K\[\H^)\i^ [i'^ is 
not so sensitive to variation of 0. After calculation, we emphasize that all observables of B ^ /Ti (1400)/i+/x^ are sensitive to 
the mixing angle. In Fig. 1, for instance, we plot the relations of the normalized forward-backward asymmetry and longitudinal 
lepton polarization asymmetry of B—>/ri(1400);ti+;ti" with varying from — 10° to — 60°, when,? = 5GeV^ (soHdhne), 7GeV^ 
(dotted line) and 12 GeV (dashed line). With these figures and data, one can constrain the angle in future, as well as cross check 
the bands from other theories and experiments. Additionally, because of small masses of electron and muon, the invariant mass 
spectra and branching ratios are almost the same for electron and muon modes. Meanwhile, it is very difficult to measure the 
electron polarization, so we only consider B — > Ki jj.^ jj.^ , Ki T^T^ except for numerical results in the following discussions. 

In Table IV, we again summarize the predictions for branching fractions coiTesponding to = — (34± 13)° without consid- 
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FIG. 4: The longitudinal lepton polarization asymmetries for the S+ — > K^£^£ decays as functions of g^(in units of GeV ). 



ering the uncertainties taken by the form factors, which have been discussed in detail in Ref. [1]. The negligible disparities 
between our results and those of Ref. [1] are from the difference of Wilson coefficients. From the table, we note that the branch- 
ing ratios of B ^ Ki{l21Q)i^£^ are not sensitive to the mixing angle 9, while those of B ^- Ki{l4QQ)£^i^ are sensitive to it 
seriously. We also find that the branching ratios of B ^- A'i(1270)^+^^ are much larger than those of B ^ Ki{l4QQ)£^£^ . For 
B — > /Ti T+T^, the branching ratios are very small due to small phase spaces. 

Now, we turn to a discussion of the new physics contribution. Within a family non-universal Z' model, the Z' contribution to 
B -^ Ki£'^£^ decay involves four new parameters |B^^|, (j)^, B^j, and B^^. The tasks of constraining the above parameters from the 
well measured channels have been done by many groups in the past few years. Combining the constraints from B, — B, mixing, 
B -^ kK^*^ and pK decays, |B^^| and ^^ have been strictly constrained by Chang et. al. [21]. They also performed the constraints 
of Bii from B —>■ Xsjl^ji^ , Kjj.'^jj.^ and K*n^jj.^, as well as B, — > jU^/i^ decay. Recently, there have been more data from 
Tevatron and LHC on decay processes mentioned above. Many of them might afford stronger upper bounds than before, but the 
new parameters have not been fitted and we will leave it as our future work. In the current work, we will adopt the parameters 
fitted in Ref [21] so as to probe contribution of new physics with the largest possibility. For convenience, we recollect their 
numerical results in the Table V, where S 1 and S2 correspond to UTfit collaboration's two fitting results for B^ — B^ mixing [33] . 
Meanwhile, in order to show the maximal strength of Z', with permitted range in SI, we choose the extreme values 
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= 1.31 X lO"^0f- = -79°, 5// = -6.7 x 10"^ £),, = -9.3 x 10 
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(33) 



and name them as extreme limit values (ELV) expediently. 
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FIG. 5: The transverse lepton polarization asymmetries for the S+ -^ K^£'^£ decays as functions of g (in units of GeV ). 
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GeV^). The legends are the same as in Fig. 2 



Considering the Z' contribution with two sets of parameters, we calculate the non-resonant branching ratios of concerned 
decay modes and tabulate them in the third and fourth columns of the Table. IV, where the first errors come from the mixing 
angle d and the second errors are from all uncertainties of Z' model by adding all the theoretical errors in quadrature. With the 
ELV parameters, the extreme results are listed in the last column of Table. IV, and the errors are only from mixing angle. 

In Fig.2-5, we plot the differential branching ratios, forward-backward asymmetries and polarization asymmetries of the 
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leptons of B+ -^ /Ti (1270)+^+^" and B+ -^ /Ti (1400)+£+£", respectively. In all figures, the bands with solid (green) lines are 
results from the standard model with 9 = — (34± 13)°, and dotted (blue), dashed (red) and dot-dashed (orange) lines represent 
the results with the SI, S2 and ELV parameters by fixing 9 = —34°, respectively. Some discussions of the above results are in 
order. 

• From the Table. IV, we find that the effect of SI is more significant than that of S2. For the central values, compared 
with predictions of the SM, the branching ratio of B^ -^ Ki{l270)^iJ.^iJ.^ can be enhanced about by 48% in SI, and by 
23% in S2. If we choose the extreme limit of SI, the branching ratio can be enhanced one time at most by new physics 
contribution of Z'. As concerns B -^ Ki{l40Q)£^£^ , their branching ratios are more sensitive to the mixing angle than to 
a new physics contribution, and then it is very hard to differentiate the Z' effects. 

• For the dilepton invariant mass spectrum of B^ — t- Ki{1270)^ jj.^ jj.^ , the effects of the Z' boson are quite distinctive from 
that of the SM, as shown in Fig.2. The reason for the enlargement is the relative change of the absolute values of Cg* 
and Cio, though the latter is q^ independent. For B -^ /ri(1400)"/i+/x", Z' boson could change the shape effectively, 
however this contribution would be clouded by the uncertainties from the mixing angle. For the tauon modes, with large 
tauon mass and small phase space, it is very difficult to disentangle the new physics contribution from the predictions of 
SM, unless choosing the extreme limit case. 

• We plot the normalized forward-backward asymmetries in Fig. 3. For B -^ KipL^pL^ , there exist zero crossing positions in 
SM, S 1 and S2. We would like to emphasize that the hadronic uncertainties and mixing angle almost have no influence 
on zero crossing positions, as shown in figures. Specifically, for B — > /Tj (1270)jU+jU^, the zero crossing sq positions are 
2.3 GeV, 3.3 GeV and 2.9 GeV in SM, SI and S2. Accordingly, forB -^ Ki{UQO) ^1+ jx' , sq = 2.8 GeV, 3.5 GeV, 3.2 GeV. 
It is obvious that sq moves to the positive direction with the Z' boson effects. And in the limit values, the zero crossing 
positions disappear. Thus, the measurement of zero position is very important for searching for new physics contribution 
in the experiments. For B -^ Ki{14QQ)t'^t^, with the central value of SI and S2, the forward-backward asymmetries 
are almost the same as the predictions from SM. However, these asymmetries become almost zero in both low and large 
momentum regions in the ELV case. 

• Just like the BR and Afb, the polarization asymmetries of leptons are also good observables for probing the new physics 
signals. In order to show the effects due to the Z', we figure out the longitudinal Pl and transverse Pt polarization 
asymmetries as functions of q^ in Fig. 4 and Fig.5, respectively. The P^ parts are too tiny to be measured experimentally 
even in the designed Super-B factory, so we will not discuss them in this work. In the case of B ^ /ri(1270)/X+jU^, the 
longitudinal (transverse) polarization asymmetry of lepton is enhanced (decreased) remarkably by new physics effects. 
In SM, the longitudinal polarization asymmetry for muon is around — 1 in the large momentum region, while it changes 
to — 0.6(— 0.7) in SI (S2). In the Z' model, a large value of differential decay rate will suppress the absolute value of 
longitudinal polarization asymmetry in the large q^ part. With the extreme values. Pi flips the sign in the low q^ region 
and approaches to zero in the large q^ region. If there exist large Z' — b — s and Z' — I — I couplings, we can check them 
by measuring the above observables. Similar effects can be found in tau modes, but the deviations are too small to be 
measured experimentally. 

• From the Table.IV, we obtain Br{B -^ Ki (1270)^+^") > Br{B -^ Ki (1400)^+^"). It should be helpful to define the ratio 
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Rl, as mentioned in Ref.[l], 



Rr 



dr{B- ^ K{{UOO)l+i-)/ds 



(34) 



dr{B- ^ Ki {mo)e+£-)/ds 

To cross check this conclusion that the ratios are insensitive to new physics contribution, we presented the R^ and Rr as 
functions of q^ in Fig. 6, where the solid (green), and dotted (blue), dashed (red) and dot-dashed (orange) lines repre- 
sent results from the standard model, SI, S2 and ELV parameters, respectively. We show that Ri{£ — IJ.,t) are almost 
unchanged, so that they are not suitable for searching for Z' effects. These results confirm the conclusion in Ref.[l]. 



IV. SUMMARY 

A new family non-universal Z' boson could be naturally derived in many extensions of SM. One of the possible way to get 
such non-universal Z' boson is to include an addition L'^'(l) gauge symmetry, which has been studied by many groups. With the 
data, people had fitted two sets of coupling constants, S 1 and S2 namely. In this work, we have considered the contributions of 
family non-universal Z' model at the tree level in semi-leptonic B decays involving axial-vector meson Ki in the final states. The 
strange axial-vector mesons, Ki (1270) and Ki (1400), are the mixtures of the Kia and Kig, which are the l^Pi and 1 ^Pi states, 
respectively. We show that the mixing angle could be constrained by measuring some observables of B ^^ Ki (1400)^?+^^, such 
as the normalized differential forward-backward asymmetry and longitudinal lepton polarization asymmetry. With 9 = —34°, 
the branching ratio of B ^ Ki (1270)jU^jU^ is enhanced about by 50%(30%) with respect to the corresponding SM values by 
Z' in SI (S2). We also found FBA and lepton polarization asymmetries show quite significant discrepancies with respect to the 
SM values. The zero crossing position in the FBA spectrum at low dilepton mass will move to the positive direction with Z' 
boson contribution. We also note that B -^ K i (1400) jj.'^jj.^ is not suitable to probe new physics, which will be buried by the 
uncertainty from the mixing angle. While for the tauon modes, the new physics contributions are not remarkable due to small 
phase spaces except in the extreme limit. These results could be tested in the running LHC-b experiment and designed Super-B 
factory. 
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' \( 
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(37) 
(38) 



^""'(^0 = T^:^CioA^'(^0, (39) 

l+rriKi 

^^'G?) = (l+m^,)CioVi'''G^1, (40) 
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